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NS3/4A proteasea b s t r a c t
Hepatitis C virus (HCV) NS3 polymorphism Q80K is mainly found in patients with HCV genotype (G) 1a,
and has been associated with a reduced treatment response to simeprevir with pegylated interferon (P)
and ribavirin (R). Prevalence of Q80K among G1 patients may vary geographically. Q80K prevalence in the
North-American G1 population in a recent study was 34%.
We conducted a post hoc meta-analysis of Q80K polymorphism prevalence among HCV G1-infected
patients enrolled in simeprevir and telaprevir Phase II/III studies. Baseline HCV NS3/4A protease
sequences were analysed by population sequencing to determine Q80K prevalence.
Overall, of 3349 patients from 25 countries in the European region analysed, 35.8%, 63.8% and 0.3% of
patients had G1a, G1b and other/unknown HCV G1 subtypes, respectively. Q80K was detected at baseline
in 7.5% of HCV G1 patients overall. Examination by subtype showed that 19.8%, 0.5% and 18.2% of patients
with G1a, G1b and other/unknown HCV G1 subtypes had the Q80K polymorphism, respectively. Among
countries in the European region with sequencing data available for eitherP20 patients with G1a and/or
P40 G1 patients overall, the Q80K prevalence in G1 ranged from 0% in Bulgaria to 18.2% in the UK. Q80K
prevalence also varied within G1a across different countries.
HCV subtype 1a was correctly determined in 99% of patients by the LiPA v2 assay.
A low overall prevalence of Q80K was observed in HCV G1-infected patients in the European region,
compared with North America. However, the prevalence varied by country, due to differing ratios of
G1a/G1b and differing Q80K prevalence within the G1a populations.
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
HCV NS3/4A protease inhibitors (PIs) are used as part of differ-
ent regimens to treat patients with chronic hepatitis C virus (HCV)
infection. Naturally occurring amino acid substitutions in the NS3
protease domain, also referred to as polymorphisms, have beenreported (Bartels et al., 2013; Gaudieri et al., 2009; Kuntzen
et al., 2008). These polymorphisms can reduce the antiviral activity
of PIs (Jacobson et al., 2014; Manns et al., 2014; De Meyer et al.,
2012; Barnard et al., 2013).
Simeprevir is an approved PI, indicated for use in combination
with other medicinal products for the treatment of chronic hepati-
tis C genotype (G) 1 and 4 infection in adult patients (Simeprevir
Summary of Product Characteristics). Phase III trials of simeprevir
in combination with pegylated interferon and ribavirin (PR) in HCV
G1- and G4-infected treatment-naïve and prior relapse patients
showed sustained virologic response after 12 weeks (SVR12) rates
of approximately 80% (Jacobson et al., 2014; Manns et al., 2014;
Forns et al., 2014; Moreno et al., 2014).
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confers low level resistance to in vitro simeprevir activity. G1a iso-
lates with a baseline Q80K polymorphism resulted in a median fold
change in simeprevir EC50 value of 11 in a transient replicon assay
(Verbinnen et al., 2014). It is the most common polymorphism
among the NS3 polymorphisms associated with reduced activity
of NS3/4A PIs (Bae et al., 2010).
The presence of Q80K at baseline has only a minor effect on ini-
tial response to treatment with simeprevir in combination with PR
but may facilitate the emergence of additional mutations and sub-
sequent failure to simeprevir/PR therapy (Lenz et al., 2014). Among
patients treated with simeprevir in combination with PR, SVR rates
were reduced in HCV G1 patients with Q80K compared with G1a
patients without this polymorphism. SVR12 was lower in patients
with Q80K than those without Q80K (58% versus 84% in HCV G1a
treatment-naïve patients and 47% versus 79% in G1a prior relaps-
ers) (Forns et al., 2014; Jacobson et al., 2013). In the same studies
G1b patients had SVR12 rates of 85% in HCV treatment-naïve and
86% in prior relapsers. Most other PIs do not appear to be affected
by Q80K. For example, both telaprevir (Shafran, 2014) and falda-
previr (Berger et al., 2014) have similar SVR rates with and without
Q80K polymorphism at baseline when combined with PR, while
the virologic response to asunaprevir was shown to be less robust
in patients with Q80K than patients without Q80K (McPhee et al.,
2012). However no data to show the effect of Q80K on SVR in
asunaprevir-containing regimens have been published. In parita-
previr, EC50 was increased 3-fold in K80 compared with Q80, but
no data is currently available for the effect of Q80K on SVR with
regimens containing this PI (Pilot-Matias et al., 2014). Structural
differences between PIs account for the different impacts of amino
acid substitutions, such as Q80K, on drug activity.
Alternative therapy to simeprevir plus PR should be considered
in HCV G1a patients who have detectable Q80K polymorphism at
baseline according to both the European Association for the Study
of the Liver (EASL recommendations) and the joint American Asso-
ciation for the Study of Liver Diseases (AASLD) and Infectious Dis-
eases Society of America (IDSA) recommendations (AASLD/IDSA
recommendations). However, recent results with simeprevir-con-
taining, interferon-free therapy showed that the effect of Q80K
on SVR12 rates seems to be substantially attenuated or possibly
eliminated (Lawitz et al., 2014). The COSMOS study, which evalu-
ated simeprevir combined with sofosbuvir with or without ribavi-
rin for 12 or 24 weeks, among HCV G1 prior-null responders with
METAVIR F0–4, and treatment-naïve patients with METAVIR F3–
4, showed SVR rates of 88% and 94% in G1a patients with and with-
out baseline Q80K, respectively, in the intent-to-treat (ITT) popula-
tion (Lawitz et al., 2014). Of the six patients (4%) who experienced
viral relapse in the COSMOS study, four had Q80K at baseline.
Recent interim real-life data of simeprevir in combination with sof-
osbuvir with or without ribavirin in American patients has shown
similar results to COSMOS with overall SVR4+ (SVR achieved four
weeks or more after end of treatment) of 89% (269/303) in HCV-
TARGET (Sulkowski et al., 2014a). This cohort notably has a high
proportion of difﬁcult-to-treat patients including 61% having HCV
G1a and 57% being cirrhotic (Sulkowski et al., 2014a). Similarly
in the US TRIO Health cohort, 82% (n = 276, intent to treat popula-
tion), of HCV G1 patients achieved SVR12 with the same regimen
(SVR12 was 90% in per protocol population, n = 252). Again, this
cohort was made up of difﬁcult-to-treat patients, and of those
selected for this regimen, 63% were infected with HCV G1a and
45% had cirrhosis (Dieterich et al., 2014). Data relating to the effect
of Q80K on efﬁcacy are not available in either HCV-TARGET or TRIO
cohorts as Q80K testing was rarely performed.
This study aimed to provide Q80K prevalence data across the
European region. The presented results inform physicians on their
local prevalence of HCV G1a versus 1b, together with the frequencyof Q80K in the overall G1 population, HCV G1a and other rare HCV
G1 subtype isolates. Additionally, the concordance of two com-
monly used HCV G1 subtyping assays (TRUGENE and Versant LiPA
v2) with a NS5B or NS3/4A sequence-based HCV genotype subtyp-
ing assay was determined.2. Materials and methods
Demographic and baseline data from patients in the European
region were pooled from 14 telaprevir and simeprevir Phase IIb
and III clinical studies. Studies of patients who were HCV treat-
ment-naïve were QUEST-1 (Jacobson et al., 2014), QUEST-2
(Manns et al., 2014), PILLAR (Fried et al., 2013), C208 (Marcellin
et al., 2011), OPTIMIZE (Buti et al., 2014), PROVE2 (Hézode et al.,
2009), ADVANCE (Jacobson et al., 2011), ILLUMINATE (Sherman
et al., 2011) and REPLACE (clinicaltrials.gov). Studies of patients
who had received prior HCV interferon-based treatment were
ASPIRE (Zeuzem et al., 2014), PROMISE (Forns et al., 2014), ATTAIN
(Reddy et al., 2014), REALIZE (Zeuzem et al., 2011) and PROVE3
(McHutchison et al., 2010). For each of the studies the ITT popula-
tion was analysed, deﬁned as all patients who received at least
one dose of study drug. Descriptive statistics on the prevalence of
Q80K across different subgroups were tabulated by HCV genotype
subtype. Population sequencing was performed as described previ-
ously (Koletzki et al., 2013). HCV genotype subtypes were deter-
mined at screening by TRUGENE or Versant LiPA v2 assay (both
Siemens Healthcare Diagnostics, IL, USA), depending on the study.
HCV genotype subtypes were also determined at baseline by
sequencing a 329 base pair region within NS5B, or by sequencing
the NS3/4A region, depending on the study, both followed by basic
local alignment search tool (BLAST) analysis. For the prevalence
analyses reported here, the HCV genotype subtypes determined
by the NS3/4A or NS5B region were used, and if not available, the
results from the LiPA v2 or TRUGENE assay were used instead.
The concordance of results of the TRUGENE and LiPA v2 HCV
genotype subtyping assays (which are commercially available)with
results from NS3/4A or NS5B sequence-based genotype subtyping
assays was also analysed. Only samples that had results available
with both the LiPA v2 and NS3/4A or NS5B sequence-based assays
or both the TRUGENEandNS3/4AorNS5B sequence-based genotype
subtyping assay were included in this analysis.3. Results
The ITT population of these studies included 3462 patients from
25 countries in the European region: Austria, Belgium, Bulgaria,
Czech Republic, Denmark, France, Germany, Greece, Hungary,
Ireland, Israel, Italy, the Netherlands, Norway, Poland, Portugal,
Romania, Russia, Slovakia, Spain, Sweden, Switzerland, Turkey,
Ukraine and the UK. Baseline NS3/4A population sequencing data
were available for 3349 (96.7%) patients and HCV genotype
subtype and Q80K prevalence data is reported for this subset.
Country-speciﬁc data are only shown for countries that had
sequencing data available for at least 20 G1a patients (Austria,
Belgium, France, Germany, Italy, the Netherlands, Norway, Poland,
Portugal, Spain, Sweden and the UK) or at least 40 G1 patients
overall (Bulgaria, Romania and Russia).
3.1. HCV genotype subtype and Q80K prevalence
Overall, 35.8% (1200/3349) of patients had G1a, 63.8% (2138/
3349) G1b and 0.3% (11/3349) had another or unknown G1 sub-
type. Of the 11 patients with another or unknown G1 subtype,
two were G1c, two were G1d, three were G1e, one was G1i and
one was G6e (this patient was determined to be G1b by TRUGENE
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unknown. For these two patients the NS5B sequence-based HCV
genotype subtype assay failed and only results from the TRUGENE
assay were available and are reported here.
The overall prevalence of Q80K was 7.5% (250/3349), broken
down as 19.8% (237/1200) in G1a, 0.5% (11/2138) in G1b and
18.2% (2/11) in other or unknown G1 subtypes (two patients with
HCV G1d; none of the other patients with other or unknown G1
subtype had Q80K). Overall prevalence of baseline Q80K among
G1-infected patients in countries with sequencing data for at least
20 G1a patients and/or at least 40 overall G1 patients ranged from
0% in Bulgaria to 18.2% in the UK (Fig. 1 and Table 1). Prevalence of
Q80K was higher when only considering the G1a population com-
pared with the overall population. In countries with sequencing
data for at least 20 G1a patients, Q80K prevalence in G1a patients
ranged from 4.8% in Norway to 75.0% in Poland.
HCV G1b prevalence also varied throughout the European
region, impacting on Q80K prevalence in the overall HCV G1 popu-
lation. When considering countries with sequencing data for at
least 40 G1 patients, Poland, Romania and Russia had high G1b
prevalences of 95.5%, (444/465), 100% (92/92) and 96.7% (177/
183), respectively, amongst the overall G1 population. These
resulted in low overall Q80K prevalences of 3.7% (17/465), 1.1%
(1/92) and 2.2% (4/183), respectively. While other countries, such
as Spain and Bulgaria, had a substantial proportion of HCV G1a of
31.2% (82/263) and 28.6% (14/49), respectively, but also had low
overall Q80K prevalence of 2.7% (7/263) and 0% (0/49), respectively,
due to low prevalence of Q80K among the G1a population (8.5% [7/
82] in Spain and 0% [0/14] in Bulgaria). In contrast, the UK, where
overall Q80K prevalence in the HCV G1 population amounted to
18.2%, had a low G1b prevalence of 19.7% (39/198) and a Q80K
prevalence within the G1a population of 22.6% (36/159).
No baseline demographics or disease characteristics analysed,
other than country or G1 subtype, appeared to be linked to Q80K
prevalence, (Supplementary Table). This included race, ethnicity,Fig. 1. Overall HCV genotype 1 prevaleIL28B genotype, METAVIR score, whether the patient was PR-ther-
apy experienced and, for patients who had prior PR therapy, the
response to treatment. (Supplementary Table).
3.2. HCV genotype subtype assay concordance
A total of 3368 patients had results available with both the LiPA
v2 and NS3/4A or NS5B sequence-based assays or both the TRU-
GENE and NS3/4A or NS5B sequence-based genotype subtyping
assay, and were included in this analysis.
In total, 1909 samples had results available with both LiPA v2
and NS3/4A or NS5B sequence-based assays (Table 2). Overall,
98.8% of samples (1887/1909 samples; 657 G1a and 1230 G1b)
had the same HCV genotype subtype with both the LiPA v2 and
the NS3/4A or NS5B sequence-based assays. Eleven patients
(0.6%) determined as HCV G1b by LiPA v2 were classiﬁed as G1a
by NS5B or NS3/4A sequence-based assay. Nine of these eleven
patients had Q80K data available. Of these nine patients 33.3%
(3/9) had Q80K. An additional three samples determined as HCV
G1b by LiPA v2 were classiﬁed as G1d, G1e and G1l with the
NS3/4A or NS5B sequence-based assays. Three samples determined
as G1a with LiPA v2 were classiﬁed as G1b with the NS3/4A or
NS5B sequence-based assay. For four patients the HCV G1 subtype
could not be determined via LiPA v2; three of these were G1a and
one G1b based on NS3/4A or NS5B genotype subtyping assays.
None of these patients had a Q80K polymorphism.
A total of 1461 samples had results available with both TRU-
GENE and NS3/4A or NS5B sequence-based assays (Table 3). Over-
all, 79.6% of samples (1163/1461 samples; 405 G1a, 756 G1b, one
G1c and one G1g) had the same HCV genotype subtype with both
assays. The TRUGENE assay identiﬁed 79 samples as HCV G1b that
were classiﬁed as either HCV G1a (74/79), unknown HCV G1 sub-
type (2/79), G1d (2/79) or G6e (1/79) by the NS3/4A or NS5B
sequence-based assay. Of the 74 patients determined as G1b with
TRUGENE but shown to be G1a by NS3/4A or NS5B sequence-basednce of Q80K by European country.
Table 1
Patients with a baseline Q80K polymorphism, by country (ITT population).
Other/unknown
All HCV G1 HCV G1a HCV G1b HCV G1
N n (%)a N n (%) N n (%) N n (%)a
[95% CI] [95% CI] [95% CI] [95% CI]
All countries 3349 1200 2138 11
Q80K 250 (7.5) 237 (19.8) 11 (0.5) 2 (18.2)
[6.6–8.4] [17.5–22.1] [0.3–0.9] [2.3–51.8]
Austria 204 109 94 1
Q80K 19 (9.3) 18 (16.5) 1 (1.1) 0
[5.7–14.2] [10.1–24.8] [0.0–5.8]
Belgium 211 61 147 3
Q80K 12 (5.7) 11 (18) 1 (0.7) 0
[3.0–9.7] [9.4–30.0] [0.0–3.7]
Bulgaria 49 14 35 0
Q80K 0 0 0 0
France 521 275 244 2
Q80K 41 (7.9) 38 (13.8) 3 (1.2) 0
[5.7–10.5] [10.0–18.5] [0.3–3.6]
Germany 587 241 345 1
Q80K 72 (12.3) 70 (29) 2 (0.6) 0
[9.7–15.2] [23.4–35.2] [0.1–2.1]
Italy 210 60 150 0
Q80K 13 (6.2) 12 (20) 1 (0.7) 0
[3.3–10.4] [10.8–32.3] [0.0–3.7]
Netherlands 41 26 14 1
Q80K 3 (7.3) 3 (11.5) 0 0
[1.5–19.9] [2.4–30.2]
Norway 26 21 5 0
Q80K 1 (3.8) 1 (4.8) 0 0
[0.1–19.6] [0.1–23.8]
Poland 465 20 444 1
Q80K 17 (3.7) 15 (75) 2 (0.5) 0
[2.1–5.8] [50.9–91.3] [0.1–1.6]
Portugal 46 37 9 0
Q80K 3 (6.5) 3 (8.1) 0 0
[1.4–17.9] [1.7–21.9]
Romania 92 0 92 0
Q80K 1 (1.1) 0 1 (1.1) 0
[0.0–5.9] [0.0–5.9]
Russia 183 6 177 0
Q80K 4 (2.2) 4 (66.7) 0 0
[0.6–5.5] [22.3–95.7]
Spain 263 82 181 0
Q80K 7 (2.7) 7 (8.5) 0 0
[1.1–5.4] [3.5–16.8]
Sweden 59 46 13 0
Q80K 7 (11.9) 7 (15.2) 0 0
[4.9–22.9] [6.3–28.9]
UK 198 159 39 0
Q80K 36 (18.2) 36 (22.6) 0 0
[13.1–24.3] [16.4–29.9]
CI: conﬁdence interval.
Data are shown per country for countries with at least 20 genotype 1a patients and/
or at least 40 genotype 1 patients overall.
HCV geno/subtype is based on the NS5B or NS3/4 assay, and if not available on LiPA
v2 or TRUGENE results.
a Includes one patient determined as genotype 1b and genotype 6e with TRU-
GENE and NS5B based assay, respectively.
Table 2
Cross-tabulation of HCV genotype subtype determined by NS3/4A or NS5B sequence-
based assay versus HCV genotype subtype determined by LiPA v2 (ITT population).
Table 3
Cross-tabulation of HCV genotype subtype determined by NS3/4A or NS5B sequence-
based assay versus HCV genotype subtype determined by TRUGENE (ITT population).
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tionally, 43 samples determined as G1a with the TRUGENE assay
were classiﬁed as G1b (37/43), other HCV genotype subtypes (5/
43) or unknown HCV G1 subtype (1/43) when tested with the
NS3/4A or NS5B sequence-based assay. In addition, of 176 samples
in which G1 subtype was not determined with the TRUGENE assay,
77 were G1a, 98 were G1b and one was G1d with the NS3/4A or
NS5B sequence-based assay.
4. Discussion
The prevalence analyses reported here, comprised a large data-
set of 3349 patients from 25 countries in the European region andshowed a low overall prevalence of Q80K (7.5%). This low Q80K
prevalence is due, in part, to the relatively high (63.8%) occurrence
of G1b and the lower Q80K prevalence in G1a patients in the Euro-
pean region. This is in contrast to previously reported data, which
generally included a high proportion of sequences from North
America, such as a reported Q80K prevalence of 47% (121/268) in
G1a (Bae et al., 2010).
Overall, G1 Q80K prevalence varied by country from 0% to
18.2%. In countries with a low prevalence (Romania, Russia and
Poland) this was driven by the very low percentage of G1a patients
in these countries. These data are consistent with previous reports
of high G1b prevalence in Romania of 93.5% (143/153) and Poland
97.1% (100/103) (Grigorescu, 2009; Chlabicz et al., 2008). Of note,
Norway and Portugal had the lowest HCV G1b prevalences but also
low Q80K prevalences due to a low Q80K prevalence within their
respective HCV G1a populations.
A recent analysis of Q80K in HCV G1 patients showed that Q80K
prevalence was higher in both the overall North American popula-
tion (34.4%) and in the North American G1a population (48.1%)
than in European patients overall (6.1%) and the European G1a
population (19.4%) (European data were a subset of the study pre-
sented here (Lenz et al., 2014)).
The prevalence of Q80K within HCV G1a patients also varied,
ranging from low prevalence in Norway, Spain and Portugal of
4.8%, 8.5% and 8.1%, respectively to higher prevalence of 75.0%,
29.0%, 22.6% in Poland, Germany and the UK, respectively. Despite
the very high Q80K prevalence in G1a patients in Poland, its overall
HCV G1 Q80K prevalence (3.7%) is comparable to Spain (2.7%) and
Portugal (6.5%) due to very low G1a prevalence. Other data on
Q80K prevalence by countries are limited and frequently based
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genotype 1a in France (14%) Italy (20%), Sweden (15%) and UK
(23%) in our study were similar with those previously reported in
French (7%), Italian (14%), Swedish (6%) and Scottish (16%) patients
(Berger et al., 2014) as well the more recent French cohort (11%
prevalence) (Morel et al., 2014). These data show that the ratio
of G1a to G1b is not the only factor that determines Q80K preva-
lence in HCV G1 overall, but also that the Q80K prevalence within
the HCV G1a population varies by country.
Different prevalences of G1a clades and the Q80K prevalence in
these clades may provide some explanation for Q80K being less
frequent in G1a-infected patients from Europe and the variation
of Q80K prevalence within the European region. Two distinct
clades of G1a (clade 1 and clade 2) have been identiﬁed by phylo-
genetic analysis (Pickett et al., 2011). A different distribution of
naturally occurring amino acid substitutions exist between clades.
The Q80K polymorphism is only found in clade 1 and not clade 2
(48.9% versus 0%; n = 293 sequences) (De Luca et al., 2013). The
Q80K polymorphism is believed to have originated in the US, with
96% of HCV infections in an international cohort of 677 patients
with Q80K present analysed descending from a single lineage orig-
inating in the 1940s (McCloskey et al., 2014). A higher prevalence
of HCV genotype 1a clade 1 (72.7%) was seen in the Los Alamos
database (which includes sequences mainly from the USA) than
in an equivalent Italian cohort (47.3%) (De Luca et al., 2013), and
in a French cohort (43.2%) (Morel et al., 2014) suggesting a differ-
ence in HCV G1a sequences between North American and Euro-
pean populations. It is likely that clade 2 originated in Europe
(De Luca et al., 2013).
Additional epidemiological studies are needed to further deter-
mine the prevalence of the two GT1a clades as well as of Q80K
across Europe but also to assess potential regional differences
which may be present within a speciﬁc country.
Baseline testing for Q80K is recommended in HCV G1a patients
before initiating treatment with simeprevir plus PR (Simeprevir
Summary of Product Characteristics). However, our data suggest
that Q80K baseline testing may not be cost-effective in certain
regions (e.g. Eastern Europe), although full cost-effectiveness stud-
ies would be needed to determine this. Another consideration
when assessing the need for Q80K testing is the use of on-treat-
ment stopping rules, which should be applied when initiating sim-
eprevir plus PR (Simeprevir Summary of Product Characteristics).
Patients with HCV RNA P25 IU/mL at Week 4 have a low chance
of achieving SVR; therefore, if a treatment response (i.e. HCV
RNA <25 IU/mL) to simeprevir is not reported at Week 4, all treat-
ment should be stopped and an alternative management plan
agreed upon. Conversely, patients with an early treatment
response have a high chance of achieving SVR, irrespective of base-
line predictive factors (including Q80K) (Jacobson et al., 2013;
Forns et al., 2014). Hence, determining early responses to simepre-
vir plus PR provides a useful tool for assessing the utility of this
treatment in individual patients, especially in the setting where
Q80K testing has not been performed. The effect of Q80K on SVR
is substantially attenuated or possibly eliminated when simeprevir
is taken with sofosbuvir with or without ribavirin (Lawitz et al.,
2014).
Alternative interferon-free therapies currently approved in HCV
G1 include sofosbuvir in combination with daclatasvir, and sof-
osbuvir in a ﬁxed dosed combination with ledipasvir. Both combi-
nations have shown to be effective in patients with mutations
associated with resistance to protease inhibitors (Sulkowski
et al., 2014b; Afdhal et al., 2014). Additionally, the drug combina-
tion of paritaprevir (boosted with ritonavir), dasabuvir and omb-
itasvir is expected to be approved soon with other therapies in
clinical development. It is unlikely that there will be one regimen
that will be suitable for all patients due to the range of baselinecharacteristics, the genetic differences between genotypes and
the naturally occurring polymorphisms that can infer resistance
to various drugs.
Since population sequencing rarely fails to detect the Q80K
polymorphism when it is present, this eliminates the need for
more sensitive deep sequencing technologies. In a subset of
patients (n = 274) from pooled Phase II and III simeprevir studies,
70 patients (26%) had Q80K polymorphism detected by population
sequencing, and only two additional patients (0.7%) having Q80K
detected by deep sequencing (Fevery et al., 2014). Similarly in a
telaprevir study, out of 185 samples that had no Q80K detected
at baseline by population sequencing, only one had Q80K detected
by deep sequencing (Dierynck et al., 2014). The clinical relevance
of such minority species harbouring Q80K is unknown.
Given that Q80K testing is only recommended in HCV G1a
patients when considering treatment with simeprevir and PR, this
dataset was also used to determine the consistency of the commer-
cially available LiPA v2 and TRUGENE assays compared with NS3/
4A or NS5B sequence-based genotype subtyping assays, which
are considered the most accurate methods for standard HCV geno-
type subtyping. The LiPA v2 assay had very high concordance
(98.8%) with NS3/4A or NS5B assays. Concordance of the TRUGENE
assay with NS3/4A or NS5B assays was lower than LiPA v2, but still
remained high (79.6%). These ﬁndings are consistent with previous
reports where the LiPA v2 assay was a more accurate method of
determining HCV genotype subtype than the TRUGENE assay
(Germer et al., 2003; Stelzl et al., 2007; Hedskog et al., 2014).
Among our samples that could not be subtyped with TRUGENE,
43.8% were G1a and 55.8% were G1b; this ratio was similar to
the overall results (35.9% and 63.5%) indicating no apparent error
bias for a speciﬁc subtype. This study also showed that there is a
very low risk of erroneously subtyping a HCV G1a with Q80K as
G1b with either assay. Of HCV G1a (determined by NS3/4A or
NS5B sequence based assay) patients with Q80K, 1.3% (3/237)
and 0% (0/237) were erroneously subtyped as G1b by the LiPA v2
and TRUGENE assays, respectively.5. Conclusions
Overall, there was a low prevalence of the Q80K polymorphism
in HCV patients infected with HCV G1 living in the European
region. However, Q80K prevalence varied between countries due
to different Q80K prevalence within the HCV G1 populations and
differing ratios with G1a compared with G1b.Grant support
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Glossary
Q80K is a naturally occurring amino acid substitution occurring
in the NS3 protease domain. This NS3 polymorphism is mainly
present in HCV G1a, conferring low level resistance to in vitro sim-
eprevir activity.
Acknowledgements
We are grateful to the investigators and patients who took part
in the studies for their participation and support. This post hoc
meta-analysis was sponsored by Janssen Pharmaceuticals. All
authors critically reviewed the article for important intellectual
content and approved the ﬁnal draft for submission. Editorial sup-
port was provided by Christopher Whittaker (Medical Writer) of
Gardiner Caldwell Communications, part of the Knowledge-
Point360 Group, an Ashﬁeld company, Macclesﬁeld, UK; this sup-
port was funded by Janssen Pharmaceuticals.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.antiviral.2015.01.
003.
References
AASLD/IDSA Recommendations for Testing, Managing, and Treating Hepatitis C.
Available at: http://www.hcvguidelines.org/full-report-view. Date accessed:
16th September 2014.
Afdhal, N., Reddy, K.R., Nelson, D.R., Lawitz, E., Gordon, S.C., Schiff, E., Nahass, R.,
Ghalib, R., Gitlin, N., Herring, R., Lalezari, J., Younes, Z.H., Pockros, P.J., Di
Bisceglie, A.M., Arora, S., Subramanian, G.M., Zhu, Y., Dvory-Sobol, H., Yang, J.C.,
Pang, P.S., Symonds, W.T., McHutchison, J.G., Muir, A.J., Sulkowski, M., Kwo,
P.ION-2 Investigators, 2014. Ledipasvir and sofosbuvir for previously treated
HCV genotype 1 infection. N. Engl. J. Med. 370, 1483–1493.
Bae, A., Sun, S.C., Qi, X., Chen, X., Ku, K., Worth, A., Wong, K.A., Harris, J., Miller, M.D.,
Mo, H., 2010. Susceptibility of treatment-naive hepatitis C virus (HCV) clinical
isolates to HCV protease inhibitors. Antimicrob. Agents Chemother. 54, 5288–
5297.
Barnard, R.J., Howe, J.A., Ogert, R.A., Zeuzem, S., Poordad, F., Gordon, S.C., Ralston, R.,
Tong, X., Sniukiene, V., Strizki, J., Ryan, D., Long, J., Qiu, P., Brass, C.A., Albrecht, J.,
Burroughs, M., Vuocolo, S., Hazuda, D.J., 2013. Analysis of boceprevir resistance
associated amino acid variants (RAVs) in two phase 3 boceprevir clinical
studies. Virology 444, 329–336.
Bartels, D.J., Sullivan, J.C., Zhang, E.Z., Tigges, A.M., Dorrian, J.L., De Meyer, S.,
Takemoto, D., Dondero, E., Kwong, A.D., Picchio, G., Kieffer, T.L., 2013. Hepatitis
C virus variants with decreased sensitivity to direct-acting antivirals (DAAs)
were rarely observed in DAA-naive patients prior to treatment. J. Virol. 87,
1544–1553.
Berger, K.L., Triki, I., Cartier, M., Marquis, M., Massariol, M.J., Böcher, W.O., Datsenko,
Y., Steinmann, G., Scherer, J., Stern, J.O., Kukolj, G., 2014. Baseline hepatitis C
virus (HCV) NS3 polymorphisms and their impact on treatment response in
clinical studies of the HCV NS3 protease inhibitor faldaprevir. Antimicrob.
Agents Chemother. 58, 698–705.
Buti, M., Agarwal, K., Horsmans, Y., Sievert, W., Janczewska, E., Zeuzem, S., Nyberg,
L., Brown Jr., R.S., Hézode, C., Rizzetto, M., Paraná, R., De Meyer, S., De Masi, R.,
Luo, D., Bertelsen, K., Witek, J., 2014. Telaprevir twice daily is noninferior to
telaprevir every 8 hours for patients with chronic hepatitis C. Gastroenterology
146, 744–753.
Chlabicz, S., Flisiak, R., Kowalczuk, O., Grzeszczuk, A., Pytel-Krolczuk, B.,
Prokopowicz, D., Chyczewski, L., 2008. Changing HCV genotypes distribution
in Poland—relation to source and time of infection. J. Clin. Virol. 42, 156–159.
Clinicaltrials.gov. An Efﬁcacy and Safety Study of Telaprevir in Patients With
Genotype 1 Hepatitis C Infection After Liver Transplantation (REPLACE).
Available at: http://clinicaltrials.gov/ct2/show/NCT01571583?term=VX-
950HPC3006&rank=1. Date accessed: 19th August 2014.
De Luca, A., Di Giambenedetto, S., Prosperi, M., Lo Presti, A., Torti, C., Caudai, C.,
Vicenti, I., Saladini, F., Almi, P., Grima, P., Blanc, P., Fabbiani, M., Rossetti, B.,
Gagliardini, R., Ciccozzi, M., Zazzi, M., 2013. Two distinct HCV genotype 1a
clades: geographical distribution and association with natural resistancemutations to HCV NS3/4A inhibitors. Antiviral Ther. 18 (Suppl. 1), A47
(Abstract 39).
De Meyer, S., Dierynck, I., Ghys, A., Beumont, M., Daems, B., Van Baelen, B., Sullivan,
J.C., Bartels, D.J., Kieffer, T.L., Zeuzem, S., Picchio, G., 2012. Characterization of
telaprevir treatment outcomes and resistance in patients with prior treatment
failure: results from the REALIZE trial. Hepatology 56, 2106–2115.
Dierynck, I., Thys, K., Ghys, A., Sullivan, J.C., Kieffer, T.L., Aerssens, J., Picchio, G., De
Meyer, S., 2014. Deep-sequencing analysis of the gene encoding the hepatitis C
virus nonstructural 3–4A protease conﬁrms a low prevalence of telaprevir-
resistant variants at baseline and the end of the REALIZE study. J. Infect. Dis.
210, 1871–1880.
Dieterich, D., Bacon, B.R., Flamm, S.L., Kowdley, K.V., Milligan, S., Tsai, N., Younossi,
Z., Lawitz, E. et al. Evaluation of sofosbuvir and simeprevir-based regimens in
the TRIO network: academic and community treatment of a real-world,
heterogeneous population. Presented at AASLD 2014 Abstract 46. Available
at: http://www.natap.org/2014/AASLD/AASLD_09.htm. EASL Recommendations
on Treatment of Hepatitis C 2014. Available at: http://ﬁles.easl.eu/easl-
recommendations-on-treatment-of-hepatitis-C.pdf. Date accessed: 16th
September 2014.
Fevery, B., Thys, K., Van Eygen, V., Verbinnen, T., Van Rossem, E., Picchio, G., De
Meyer, S., Lenz, O., 2014. EASL International Liver Congress 2014. Poster 220.
Available at: http://www.natap.org/2014/EASL/EASL_62.htm.
Forns, X., Lawitz, E., Zeuzem, S., Gane, E., Bronowicki, J.P., Andreone, P., Horban, A.,
Brown, A., Peeters, M., Lenz, O., Ouwerkerk-Mahadevan, S., Scott, J., De La Rosa,
G., Kalmeijer, R., Sinha, R., Beumont-Mauviel, M., 2014. Simeprevir with
peginterferon and ribavirin leads to high rates of SVR in patients with HCV
genotype 1 who relapsed after previous therapy: a phase 3 trial.
Gastroenterology 146, 1669–1679.
Fried, M.W., Buti, M., Dore, G.J., Flisiak, R., Ferenci, P., Jacobson, I., Marcellin, P.,
Manns, M., Nikitin, I., Poordad, F., Sherman, M., Zeuzem, S., Scott, J., Gilles, L.,
Lenz, O., Peeters, M., Sekar, V., De Smedt, G., Beumont-Mauviel, M., 2013. Once-
daily simeprevir (TMC435) with pegylated interferon and ribavirin in
treatment-naïve genotype 1 hepatitis C: the randomized PILLAR study.
Hepatology 58, 1918–1929.
Gaudieri, S., Rauch, A., Pfafferott, K., Barnes, E., Cheng, W., McCaughan, G., Shackel,
N., Jeffrey, G.P., Mollison, L., Baker, R., Furrer, H., Günthard, H.F., Freitas, E.,
Humphreys, I., Klenerman, P., Mallal, S., James, I., Roberts, S., Nolan, D., Lucas,
M., 2009. Hepatitis C virus drug resistance and immune-driven adaptations:
relevance to new antiviral therapy. Hepatology 49, 1069–1082.
Germer, J.J., Majewski, D.W., Rosser, M., Thompson, A., Mitchell, P.S., Smith, T.F.,
Elagin, S., Yao, J.D., 2003. Evaluation of the TRUGENE HCV 50NC genotyping kit
with the new Gene Librarian module 3.1.2 for genotyping of hepatitis C virus
from clinical specimens. J. Clin. Microbiol. 41, 4855–4857.
Grigorescu, M.Romanian Society of Gastroenterology and Hepatology, 2009. HCV
genotype 1 is almost exclusively present in Romanian patients with chronic
hepatitis C. J. Gastrointest. Liver Dis. 18, 45–50.
Hedskog, C., Doehle, B., Chodavarapu, K., Gontcharova, V., Crespo Garcia, J., De
Knegt, R., Drenth, J.P., McHutchison, J.G., Brainard, D., Stamm, L.M., Miller, M.D.,
Svarovskaia, E., Mo, H., 2014. Characterization of hepatitis C virus inter-
genotypic recombinant strains and associated virologic response to sofosbuvir/
ribavirin. Hepatology. http://dx.doi.org/10.1002/hep.27361.
Hézode, C., Forestier, N., Dusheiko, G., Ferenci, P., Pol, S., Goeser, T., Bronowicki, J.P.,
Bourlière, M., Gharakhanian, S., Bengtsson, L., McNair, L., George, S., Kieffer, T.,
Kwong, A., Kauffman, R.S., Alam, J., Pawlotsky, J.M., Zeuzem, S.PROVE2 Study
Team, 2009. Telaprevir and peginterferon with or without ribavirin for chronic
HCV infection. N. Engl. J. Med. 360, 1839–1850.
Jacobson, I.M., McHutchison, J.G., Dusheiko, G., Di Bisceglie, A.M., Reddy, K.R.,
Bzowej, N.H., Marcellin, P., Muir, A.J., Ferenci, P., Flisiak, R., George, J., Rizzetto,
M., Shouval, D., Sola, R., Terg, R.A., Yoshida, E.M., Adda, N., Bengtsson, L., Sankoh,
A.J., Kieffer, T.L., George, S., Kauffman, R.S., Zeuzem, S.ADVANCE Study Team,
2011. Telaprevir for previously untreated chronic hepatitis C virus infection. N.
Engl. J. Med. 364, 2405–2416.
Jacobson, I.M., Dore, G.J., Foster, G.R., Fried, M.W., Radu, M., Rafalsky, V.V., Moroz, L.,
Craxi, A., Peeters, M., Lenz, O., Ouwerkerk-Mahadevan, S., De La Rosa, G.,
Kalmeijer, R., Scott, J., Sinha, R., Beumont-Mauviel, M., 2014. Simeprevir with
pegylated interferon alfa 2a plus ribavirin in treatment-naive patients with
chronic hepatitis C virus genotype 1 infection (QUEST-1): a phase 3,
randomised, double-blind, placebo-controlled trial. Lancet 384, 403–413.
Jacobson, I.M, Dore, G.J., Foster, G.R., Fried, M., Manns, M., Marcellin, P., Poordad, F.,
Affonso de Araujo, E.S., Peeters, M., Lenz, O., Ouwerkerk-Mahadevan, S., De La
Rosa, G., Kalmeijer, R., Sinha, R., Beumont-Mauviel, M., 2013. Simeprevir
(TMC435) with peginterferon/ribavirin for treatment of chronic HCV genotype 1
infection in treatment-naïve patients: efﬁcacy in difﬁcult-to-treat patient sub-
populations in the QUEST-1 and 2 Phase III trials. In: 64rd Annual Meeting of
the American Association for the Study of Liver Diseases. Poster presentation.
Available at: http://www.natap.org/2014/APASL/APASL_19.htm. Date accessed:
16th September 2014.
Kuntzen, T., Timm, J., Berical, A., Lennon, N., Berlin, A.M., Young, S.K., Lee, B.,
Heckerman, D., Carlson, J., Reyor, L.L., Kleyman, M., McMahon, C.M., Birch, C.,
Schulze Zur Wiesch, J., Ledlie, T., Koehrsen, M., Kodira, C., Roberts, A.D., Lauer,
G.M., Rosen, H.R., Bihl, F., Cerny, A., Spengler, U., Liu, Z., Kim, A.Y., Xing, Y.,
Schneidewind, A., Madey, M.A., Fleckenstein, J.F., Park, V.M., Galagan, J.E.,
Nusbaum, C., Walker, B.D., Lake-Bakaar, G.V., Daar, E.S., Jacobson, I.M.,
Gomperts, E.D., Edlin, B.R., Donﬁeld, S.M., Chung, R.T., Talal, A.H., Marion, T.,
Birren, B.W., Henn, M.R., Allen, T.M., 2008. Naturally occurring dominant
16 C. Sarrazin et al. / Antiviral Research 116 (2015) 10–16resistance mutations to hepatitis C virus protease and polymerase inhibitors in
treatment-naïve patients. Hepatology 48, 1769–1778.
Koletzki, D., Pattery, T., Fevery, B., Vanhooren, L., Stuyver, L.J., 2013. Ampliﬁcation
and sequencing of the hepatitis C virus NS3/4A protease and the NS5B
polymerase regions for genotypic resistance detection of clinical isolates of
subtypes 1a and 1b. Methods Mol. Biol. 1030, 137–149.
Lawitz, E., Sulkowski, M.S., Ghalib, R., Rodriguez-Torres, M., Younossi, Z.M.,
Corregidor, A., DeJesus, E., Pearlman, B., Rabinovitz, M., Gitlin, N., Lim, J.K.,
Pockros, P.J., Scott, J.D., Fevery, B., Lambrecht, T., Ouwerkerk-Mahadevan, S.,
Callewaert, K., Symonds, W.T., Picchio, G., Lindsay, K.L., Beumont, M., Jacobson,
I.M., 2014. Simeprevir plus sofosbuvir, with or without ribavirin, to treat
chronic infection with hepatitis C virus genotype 1 in non-responders to
pegylated interferon and ribavirin and treatment-naive patients: the COSMOS
randomised study. Lancet 384, 1756–1765.
McCloskey, R.M., Liang, R.H., Joy, J.B., Krajden, M., Montaner, J.S.G., Harrigan, P.H.,
Poon, A.F.Y., 2014. Global origin and transmission of hepatitis C virus NS3 Q80K
polymorphism. [Epub ahead of print].
Morel, V., Duverlie, G., Brochot, E., 2014. Patients eligible for treatment with
simeprevir in a French center. J. Clin. Virol. 61, 149–151.
Lenz, O., Verbinnen, T., Fevery, B., Tambuyzer, L., Vijgen, L., Peeters, M., Buelens A.,
Beumont-Mauviel M., Picchio G, De Meyer S., 2014. Virology analyses of
simeprevir in Phase 2b and 3 studies. EASL International Liver Congress 2014.
Poster 221. Available at: http://www.natap.org/2014/EASL/EASL_63.htm. Date
accessed: 16th September 2014.
Manns, M., Marcellin, P., Poordad, F., de Araujo, E.S., Buti, M., Horsmans, Y.,
Janczewska, E., Villamil, F., Scott, J., Peeters, M., Lenz, O., Ouwerkerk-
Mahadevan, S., De La Rosa, G., Kalmeijer, R., Sinha, R., Beumont-Mauviel, M.,
2014. Simeprevir with pegylated interferon alfa 2a or 2b plus ribavirin in
treatment-naive patients with chronic hepatitis C virus genotype 1 infection
(QUEST-2): a randomised, double-blind, placebo-controlled phase 3 trial. Lancet
384, 414–426.
Marcellin, P., Forns, X., Goeser, T., Ferenci, P., Nevens, F., Carosi, G., Drenth, J.P.,
Serfaty, L., De Backer, K., Van Heeswijk, R., Luo, D., Picchio, G., Beumont, M.,
2011. Telaprevir is effective given every 8 or 12 hours with ribavirin and
peginterferon alfa-2a or -2b to patients with chronic hepatitis C.
Gastroenterology 140, 459–468.
Moreno, C., Hézode, C., Marcellin, P., Bourgeois, S., Francque, S., Samuel, D., Zoulim,
F., Grange, J.-D., Lenz, O., Ouwerkerk-Mahadevan, S., Peeters, M., Beumont-
Mauviel, M., Jessner, W. Once-daily simeprevir (TMC435) with peginterferon/
ribavirin in treatment-naïve or treatment-experienced chronic HCV genotype
4-infected patients: ﬁnal results of a Phase III trial. 2014 EASL International
Liver Congress 2014. Poster P1319. Abstract available at: http://www.
professionalabstracts.com/ilc2014/planner/index.php?go=abstract&action=
abstract_show&absno=3712&ILC2014=8d20f7okaone2akbib0ks0efauotgv13.
Date accessed: 16th September 2014.
McHutchison, J.G., Manns, M.P., Muir, A.J., Terrault, N.A., Jacobson, I.M., Afdhal, N.H.,
Heathcote, E.J., Zeuzem, S., Reesink, H.W., Garg, J., Bsharat, M., George, S.,
Kauffman, R.S., Adda, N., Di Bisceglie, A.M., 2010. Telaprevir for previously
treated chronic HCV infection. N. Engl. J. Med. 362, 1292–1303.
McPhee, F., Friborg, J., Levine, S., Chen, C., Falk, P., Yu, F., Hernandez, D., Lee, M.S.,
Chaniewski, S., Sheaffer, A.K., Pasquinelli, C., 2012. Resistance analysis of the
hepatitis C virus NS3 protease inhibitor asunaprevir. Antimicrob. Agents
Chemother. 56, 3670–3681.
Pickett, B.E., Striker, R., Lefkowitz, E.J., 2011. Evidence for separation of HCV subtype
1a into two distinct clades. J. Viral. Hepat. 18, 608–618.Pilot-Matias, T., Tripathi, R., Cohen, D., Gaultier, I., Dekhtyar, T., Lu, L., Reisch, T.,
Irvin, M., Hopkins, T., Pithawalla, R., Middleton, T., Ng, T., McDaniel, K., Or, Y.S.,
Menon, R., Kempf, D., Molla, A., Collins, C., 2014. In vitro and in vivo antiviral
activity and resistance proﬁle of the hepatitis C virus NS3/4A protease inhibitor
ABT-450. Antimicrob. Agents Chemother., Epub ahead of print
Reddy, K.R., Zeuzem, S., Zoulim, F., Weiland, O., Horban, A., Stanciu, C., Villamil, F.,
Andreone, P., George, J., Dammers, E., Fu, M., Kurland, D., Lenz, O., Ouwerkerk-
Mahadevan, S., Verbinnen, T., Jessner, W. A Phase III randomised, double-blind
study to evaluate the efﬁcacy, safety and tolerability of simeprevir vs telaprevir
in combination with pegylated interferon and ribavirin in chronic hepatitis C
virus genotype 1 treatment-experienced patients: the ATTAIN study. Asian
Paciﬁc Association for the Study of the Liver 2014. Oral Presentation. Available
at: http://www.natap.org/2014/APASL/APASL_20.htm. Date accessed: 16th
September 2014.
Sherman, K.E., Flamm, S.L., Afdhal, N.H., Nelson, D.R., Sulkowski, M.S., Everson, G.T.,
Fried, M.W., Adler, M., Reesink, H.W., Martin, M., Sankoh, A.J., Adda, N.,
Kauffman, R.S., George, S., Wright, C.I., Poordad, F.ILLUMINATE Study Team,
2011. Response-guided telaprevir combination treatment for hepatitis C virus
infection. N. Engl. J. Med. 365, 1014–1024.
Shafran, S., 2014. Telaprevir activity is unaffected by the Q80K polymorphism in
hepatitis C virus genotype 1a. Can. J. Gastroenterol. Hepatol. 28, 510.
Simeprevir Summary of Product Characteristics. Available at: http://www.ema.
europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/
human/002777/WC500167867.pdf. Date accessed 16th September 2014.
Stelzl, E., van der Meer, C., Gouw, R., Beld, M., Grahovac, M., Marth, E., Kessler, H.H.,
2007. Determination of the hepatitis C virus subtype: comparison of sequencing
and reverse hybridization assays. Clin. Chem. Lab. Med. 45, 167–170.
Sulkowski, M.S., Vargas, H.S., Di Bisceglie, A.M., Kuo, A., Reddy, K.R., Lim, J.K.,
Morelli, M., Feld, J.J., Brown, R.S., Frazier, L.M., Fried, M.W., Nelson, D.R.,
Jacobson, I.M., 2014. Safety and efﬁcacy of sofosbuvir (SOF) in combination with
simeprevir (SIM) + Ribavirin (RBV) in patients with genotype 1: interim results
of a prospective, observational study. Presented at AASLD 2014. Abstract 955.
Available at: http://www.natap.org/2014/AASLD/AASLD_10.htm.
Sulkowski, M.S., Gardiner, D.F., Rodriguez-Torres, M., Reddy, K.R., Hassanein, T.,
Jacobson, I., Lawitz, E., Lok, A.S., Hinestrosa, F., Thuluvath, P.J., Schwartz, H.,
Nelson, D.R., Everson, G.T., Eley, T., Wind-Rotolo, M., Huang, S.-P., Gao, M.,
Hernandez, D., McPhee, F., Sherman, D., Hindes, R., Symonds, W., Pasquinelli, C.,
Grasela, D.M., 2014. Daclatasvir plus sofosbuvir for previously treated or
untreated chronic HCV infection. N. Engl. J. Med. 370, 211–221.
Verbinnen, T., Fevery, B., Vijgen, L., Picchio, G., De Meyer, S., Lenz, O., 2014.
Phenotypic characterisation of genotype 1 hepatitis C NS3 protease variants
from clinical studies with simeprevir. Presented at the International Workshop
on Antiviral Drug Resistance, Berlin, Germany.
Zeuzem, S., Andreone, P., Pol, S., Lawitz, E., Diago, M., Roberts, S., Focaccia, R.,
Younossi, Z., Foster, G.R., Horban, A., Ferenci, P., Nevens, F., Müllhaupt, B.,
Pockros, P., Terg, R., Shouval, D., van Hoek, B., Weiland, O., Van Heeswijk, R., De
Meyer, S., Luo, D., Boogaerts, G., Polo, R., Picchio, G., Beumont, M.REALIZE Study
Team, 2011. Telaprevir for retreatment of HCV infection. N. Engl. J. Med. 364,
2417–2428.
Zeuzem, S., Berg, T., Gane, E., Ferenci, P., Foster, G.R., Fried, M.W., Hezode, C.,
Hirschﬁeld, G.M., Jacobson, I., Nikitin, I., Pockros, P.J., Poordad, F., Scott, J., Lenz,
O., Peeters, M., Sekar, V., De Smedt, G., Sinha, R., Beumont-Mauviel, M., 2014.
Simeprevir increases rate of sustained virologic response among treatment-
experienced patients with HCV genotype-1 infection: a phase IIb trial.
Gastroenterology 146, 430–441.
